Background: During a pancreatectomy, the left gastric vein (LGV) has an important role in the venous drainage of the stomach (total pancreatectomy, left splenopancreatectomy, pancreatoduodenectomy with venous resection and pylorus-preserving pancreaticoduodenectomy). Pre-operative knowledge of the LGV's termination is necessary for adequate protection of this vein during dissection. The objective of the present study was to analyse the location of the LGV's termination in a patient population and facilitate its identification in at-risk situations. Materials and methods: Abdominal computed tomography (CT) images of 86 pancreatic tumour patients (20 of whom underwent surgery), who were treated in our institution between October 2009 and October 2010, were reviewed. Arterial-phase and portal-phase helical CT with three-dimensional reconstruction was performed in all cases. The location of the termination of the LGV was determined and (when the LGV merged with the splenic vein or the splenomesenteric trunk) the distance between the termination and the origin of the portal vein (PV). The correlation between CT imaging data and intraoperative findings was studied. Results: The LGV was identified on all CT images. In 65% of cases (n = 56), the LGV terminated in the PV (upstream of the liver in nine of these cases). The LGV terminated at the splenomesenteric trunk in 4.7% of cases (n = 4) and in the splenic vein in 30.3% of cases (n = 26). When the LGV terminated upstream of the origin of the PV, the distance between the two was always greater than 1 cm. The average distance between the termination of the LGV and the origin of the PV was 14.34 mm (10.2 to 21.1). The anatomical data from CT images agreed with the intra-operative findings in all cases. Conclusion: Pre-operative analysis of the LGV is useful because the vein can be identified in all cases. Knowledge of the termination's anatomic location enables the subsequent resection to be initiated in a low-risk area.
Introduction
The left gastric vein ( LGV, formerly referred to as the gastric coronary vein) is a tributary of the portal system. It allows venous blood near the lesser curvature of the stomach to reach the liver through the portal vein (PV). The other venous drainage channels in the stomach are the right gastric vein and the right and left gastroepiploic veins.
In spite of the LGV's importance in the venous drainage of the stomach and its involvement in certain types of surgery (particularly total pancreatectomy, left splenopancreatectomy, pancreatoduodenectomy with venous resection and pylorus-preserving pancreaticoduodenectomy), only one previous study has investigated this vein's anatomy. 1 Indeed, in these situations, the LGV is the only route for venous drainage of the stomach; surgical injury to this vein could cause congestion of the stomach and thus a gastric haemorrhage and would require additional gastrectomy or revascularization procedures.
Computed tomography (CT) analysis of the LGV's path has already been performed as part of the laparoscopic treatment of gastric cancer, 2 to locate the vein before surgery and reduce the bleeding that could result from dissection along the common hepatic artery (CHA) during a gastrectomy for cancer. 3, 4 However, we are not aware of similar studies concerning the pre-operative analysis of the LGV before a pancreatectomy.
In hepatobiliary and pancreatic disease, the LGV can be damaged during the recommended dissection of the CHA's chain of lymph nodes (group 8 in the Japanese Research Society Figure 1 Left gastric vein (LGV) termination sites and their frequencies. Type a: termination on the portal vein (PV); Type b: termination on the splenomesenteric trunk (SMT); Type c: termination on the splenic vein (SV); SMV: superior mesenteric vein; IMV: inferior mesenteric vein. The distance between the termination of the LGV (when located on the SMT or the SV) and the origin of the PV was always greater than 10 mm (the zone delimited by the black box) for Gastric Cancer's classification) in cholangiocarcinoma of the liver and the gallbladder, 5 pancreatic cancer or a pancreatectomy for a intraductal papillary mucinous tumour (IPMN) withmural nodules. 6 Although the LGV usually feeds directly into the PV, anatomic variants with anastomosis at the splenic vein (SV) or splenomesenteric trunk (SMT) have also been reported. 7 There are also case reports in which the LGV drains directly into the liver by merging with the end of the left portal branch. [8] [9] [10] In France, CT of the chest, abdomen and pelvis is part of the local staging of cancerous pancreatic lesions. Three-dimensional portal phase acquisition enables the vessels' anatomy and location in the pancreatic region to be determined. The aim of the present work was to study the main areas of LGV anastomosis in the portal system, with a view to avoiding intra-operative damage in at-risk gastric ischaemia situations such as a total pancreatectomy (with the problem of venous drainage), a pylorus-preserving pancreaticoduodenectomy (with the problem of post-operative 
Materials and methods

Patients
The present study is a prospective study of 86 patients referred to Amiens University Medical Center (Amiens, France) between October 2009 and October 2010 for pancreatic tumours. All patients underwent a portal-phase, contrast-enhanced CT scan of the chest, abdomen and pelvis. Twenty out of the 86 patients then underwent surgical resection. The other 66 patients did not have surgical indications (secondary duct IPMN), locally advanced pancreatic tumour (AJCC stage 3 disease), liver metastases or poor overall health status and were not operated on. The surgical resections comprised one total pancreatectomy for diffuse, invasive IPMN, 12 pylorus-preserving pancreaticoduodenectomies and seven left splenopancreatectomies (including three with right-side extended resection).
CT-based identification of the LGV The CT system used was a 16-row LightSpeed VCT scanner (GE Healthcare, Chalfont St Giles, UK). On average, 100 ml of contrast agent was infused at a rate of 2 ml/s. The chest/abdomen/pelvis CT scan was performed 70 s after injection of contrast with a slice thickness of 5 mm. Three-dimensional reconstruction was used to obtain a detailed view of the LGV's termination site. In the 20 resected patients, we studied the correlation between the CT data and the intra-operative findings.
The LGV's termination site was classified as follows: type A, termination on the PV; type B, termination on the SMT (defined as the part of the splenic vein between the union of the inferior mesenteric vein with the splenic vein and the union of the superior mesenteric vein to form the portal vein); and 11 type C, termination on the SV (Fig. 1) . When the LGV joined the SMT or the SV, the distance between the origin of the PV and the termination of the LGV was calculated.
Results
The LGV was identified in all cases. All three known termination sites were found (Fig. 1) .
The LGV terminated at the PV in 65% of cases (n = 56) (Fig. 2) . In 9 of these 56 patients (10.4% of the overall study population), the LGV terminated within 1 cm of the PV's entry into the liver parenchyma ( Fig. 3) . Termination on the SMT was observed in 4.7% of the patients (Fig. 4) , whereas termination at the SV was found in 26 patients (30.3%) ( Fig. 5 ). When the LGV was inserted into the SV or the SMT (30 cases), the distance between the portal vein and termination of the LGV was 14.3 mm on average but varied greatly from one patient to another (range: 10.2-21.1 mm). However, termination at the SV was never very close to the beginning of the PV; there was always at least 10 mm between the two features (Fig. 6) . The LGV did not drain directly into the liver in any of our patients. The CT-derived anatomical data always agreed with the intra-operative findings. The LGV was injured in two of the 20 operated patients (during a standard left pancreatectomy and a standard pancreatoduodenectomy).
Discussion
This is the first study to have extended the anatomic analysis of the termination of the LGV to a pancreatectomy (a total pancreatectomy, a left splenopancreatectomy, a pancreatoduodenectomy with venous resection and a pylorus-preserving pancreaticoduodenectomy). We found that the LGV terminated most frequently at the PV, followed by the SV and SMT sites. The termination site was always more than 10 mm from the start of the PV. Furthermore, there was a perfect correlation between the pre-operative CT data and the intra-operative findings.
Total pancreatectomy
During a total pancreatectomy (TP), there are three important operating steps in terms of the venous vascularization of the stomach: 12 (i) resection of the gastric antrum (requiring ligation of the right gastroepiploic vein and the right gastric vein), (ii) sectioning of the gastrosplenic ligament (leading to sectioning of the short gastric vessels) and (iii) dissection of the retropancreatic vessels (leading to ligation of the SV upstream of its confluence with the inferior mesenteric vein). Hence, venous drainage of the stomach remnant occurs solely through the LGV. It is therefore very important to protect this vein during the various operating phases, in order to avoid venous stasis and thus gastric ischaemia (found in 9% of TDPs). 13 Gastric ischaemia may be responsible for post-operative gastrointestinal bleeding. This complication has been described by Sandroussi, 14 who had to re-implant the LGV onto the inferior mesenteric vein.
Pylorus-preserving pancreatoduodenectomy
A pylorus-preserving pancreaticoduodenectomy seeks to avoid the dumping syndrome found in a non-pylorus-preserving pancreaticoduodenectomy. 15 Nevertheless, this surgery is complicated by delayed gastric emptying and gastric stasis (the frequency of which ranges from 19% to 57%). 16 The LGV can be injured during this type of surgery. It has been shown that in a pylorus-preserving pancreaticoduodenectomy, preservation of the LGV was associated with earlier removal of the nasogastric tube and accelerated recovery of gastric motility. 17 
Pancreatoduodenectomy with venous resection
When cancer of the head of the pancreas spreads to the vein axis, venous resection yields an R0 resection. 18 For extended resection that includes the mesenteric-portal confluence, there are two options: ligation or relocation of the SV. The surgeon's choice depends on where the termination of the LGV is located:
• When the LGV feeds into the PV, re-implantation can be avoid because the venous return from the greater curvature of the stomach occurs first through the left gastroepiploic vein and the short gastric vessels near the LGV and then through the portal circulation. • When the LGV feeds into the SV (and when, for some reason, the right gastroepiploic vein cannot be preserved), relocation of the SV is needed to ensure good venous drainage of the stomach. 19 Left splenopancreatectomy A left splenopancreatectomy is mostly indicated for malignant tumours situated in the distal pancreas. There are several variants but the most common techniques 20 involve sectioning of the short gastric vessels, displacement of the pancreas, ligation of the SV ahead of its junction with the superior mesenteric vein and then resection of the pancreas at the isthmus. The LGV is small and fragile and can be injured during this type of surgery ( Fig. 7) . If, during a left splenopancreatectomy, the left vein was to be sacrificed, the right gastric vein should provide sufficient venous drainage of the stomach. The real problem arises in a total pancreatectomy, in which (as in IPNM) the right gastric vein cannot be preserved and venous drainage of the stomach relies on the left gastric vein. The same problem occurs when sectioning the isthmus and then performing centrifugal dissection of the pancreas. 21 How to avoid injuring the LGV during dissection of group 8 lymph nodes After freeing of the bile duct and ligation of the gastroduodenal artery, direct access to the venous mesenteric-portal trunk is hampered by the CHA (Fig. 8) . The CHA is tied back and pulled slightly to the right, in order to provide access to the left edge of the PV (Fig. 9 ). Two situations occur:
• The pre-operative CT scan shows that the LGV terminates on the PV. Careful dissection should be performed proximally and distally to the PV, knowing that the LGV will appear on the left side of the PV during the dissection. Once the LGV has been identified, it should be tied back to avoid subsequent damage. • The pre-operative CT scan shows that the LGV terminates on the SV or the SMT. The left side of PV can be dissected without running the risk of damaging the mesenteric-portal confluence. Next, the dissection can continue on towards the SMT, safe in the knowledge that the first centimetre of the SMT does not contain the termination of LGV. Again, once the LGV has been identified, it can be tied back.
Options in the event of LGV injury or tumour involvement In this specific type of pancreatectomy, the main risk of LGV injury or tumour involvement is gastric congestion caused by the absence of venous drainage. Gastric congestion may lead to gastric. The surgeon has three options:
• no action, if there is no congestion of the stomach;
• perform a gastrectomy, in addition to the pancreatectomy; and • perform revascularization procedures, such as a bypass of the left colic vein or portal vein using the jugular vein or common iliac vein.
Conclusion
It is important to establish the LGV's anatomy before considering a pancreatectomy because damage to this vein can result in ischaemic gastric complications that will necessitate an additional gastrectomy. A portal-phase, contrast-enhanced abdomi-nal CT scan will enable visualization of the LGV and its anatomic variants in all cases. When the LGV terminates on the SV or the SMT, the dissection must be performed with caution. For a pancreatectomy, the SV should be ligated upstream of its junction with the LGV. In cases of venous resection, care must be taken to ensure that the LGV is connected to the PV axis (by either relocating the SV or directly anatomizing to the PV). When the LGV terminates on the PV, there is little risk of damage during a pancreatectomy.
